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I. Object6 of the investi.-ution

To exan ine the properties of diethylene glycol dinitrate, and to

develo-, a mct -od for its -iinufaoture fre-i diethylene "lycol.

II. Scope of the invcstifation

The require-,ents of co'rxiercial dietIhylone glycol for nitration to the
dinitrate for Service usc have boon investigatedo The optimum conditions for
the nitration, and for- tlle- stabilisation.cf diet1w.lehe- .(ay1doi dini-taAt4, have
lbeen. dete±,z4.ned,by laboratory and seAd-te d h caX scale 'invesdtigations, and
(latcW. -ana cohti-uou)s.4Al6t pla-,-Lts (f ox-th 6 giai oii Mv' beerr developed.

The ny"nufaoture of L..-I.and recovery of the spent acid have bcon
establishod on th(e so-i-ma-nufaturinL scale and quantities of the product
supplicd for cxporLaecntal propel1L.nt e,anufacture.

The. cla, mstry of D.GV,the mochanis-a of its nitration and the
- r2actions of the spent acid ha%v( be,n -ivon somu fund-.ienta-l study.

NTo difficulty has boDon -net in obtaininL D...C7.-'-. of L-ccept blc purity
and ch(;ulcal stability by thso processcs.

Thu niumoverall -nanuf-eturinr yi,;ld of D. LC1.so fL.r obt .ia'-d
is 90 per ce.nt the,Ory as -P.inst 94 -our cant for nitroglylc r!ane. This is
a disa:dvantage-,-; of D.1].G.-.

The- spe.nt :-cid fromaI..C.7 nitr-,,t--on retains so2le .1Xu17 in
solution a,nd uiiics off LA ordim'.ry te:aprxaures afte r a Ilife;' d-pending
on the. co-iposition of th,- a.cid. A~n acid co-fpositioDn for continuous nitr-tion
ha%s b,, en d vis d to give La s,?ent LaCid with a safe life around 12 hours LA

200C. A pi-oc ~durc has bee,-n d,-volop,-d in which tlae sp,..nt a.ci(-- fro-i th,,
continuous proce ss is run dir ,ctly down a dinitration totjeriL in vi"hich the(
dissolv,d or&-a,ic -r-tattr is d stroy ,d. This involv,-s thu r-covery of E10 2
as oo per c iat nitric L.cid a-nd somo additiona l nitL-iC acid concuntra.tion.

The; phyL;ica l, chiau xolosivc a.nd -physiolo,,ical properties of
diethylene. Elycol diitratc; so obta.ined ha-ve been dute r.lincd.

Conclusions

1. D.E.C-.Y. can be safely -aianufacturud in the sa:ic types of plant, ba,tch
or continuous, as are used for nitroglyceri ne. The continuous process is

.norc suitable for operation with a continuous waste acid donitration. In
both batch and continuous nitration the safety of D.E.G.1%T enables
aimplificL.tions to be made. The yield of D.E.GT.Y. is less and the
consuxaption of nitric acid is so-.-,ihat hi--her tha'n for nitroglycerine.

2. The spent a.cid fro-i 1D.E.G-.F~. nitration is unsta,,ble and neecds to be
dcco-,posed directly and continuously. Donitration tovier practice has been

found suitable for this purpese, a-nd ca-n 1b, safely linked up witi- continuous nit:r

nitration.

5.3 ~7.. is superior to nitrogl-c, rine in sL.fty in ha ndling,.'

4. D2C.I-cppcars to a,ve no disa%dv-',-tage:ous paysiolo-ic'.L effects

during the short-L -,anufactur= to dat-; the lon, t a~ff"ct On h"-1th
o±JL t !-.( wo--.--ars is yet to b1 &t)Jni
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SIL ARY.

I. 2].ects of the investi-ation.

To examine the properties of diethylene glycol dinitrate,
and to develop a method for its manufacture from diethylene
glycol.

II. Scope of the investigation.

The requirements of commercial diethylene glycol for nitration
to the dinitrate for Service use have been investigated. The
optimum conditions for the nitration and stabilisation of diethy-
lene glycol have been determined by laboratory and serai-technical
scale investigations and batch and continuous pilot plants for
these operations have been developed.

The manufacture of DEGN and recovery of the spent acid have
been established on the semi-manufacturing scale and quantities
of thu product supplied for experimental propellant manufacture.

The chmilstry of DEGN, the mechanism of its nitration and
the reactions of the spent acid have been given some fundamental
study.

No difficuIty has ben met in obtaining DLGI\T of acceptable
purity and chclical stability by these -,rocesses.

The maximuii overall ,anufacturing yi(ld of DLGN so far
obtained is 90 per cent theory as against 94 per cent for nitro-
glycerine. This is a disadvantage of DEGN.

The spent acid fro DLGN nitration retains some DLGN in
solution and fumes off .t ordinary teiperatures a fter a 'life'
depending on the coiiposition of the acid. An acid composition
for continuous nitration hos been devised to give a spent acid
with a safe life around 12 hours jt 200C. A procedure has been
developed in which the spent acid from the continuous process is
run directly down a dinitrction tower in which the dissolved
organic matter is destroyed. This involves the recovery of N0 2
as 60 per cent nitric acid and some additional nitric acid
concentrDtion.

The physical, chemical, explosive and physiological
properties of diethylene glycol dinitrate so obtained have been
determined.

Conclusions.

1. DEGN can be safely manufactured in the same types of plant,
batch or continuous, as are used for nitroglycerine. The
continuous process is more suitable for operation with a contin-
uous waste acid denitr Ition. In both batch aind continuous
nitration the safety of DLGN L enbles simplific:tions to bc madC*.
The yield of DLGN is less and the consumption of nitric icid is
somewh:at highcr thin for nitroglycerine.

2. The spent acid from DLGN nitration is unstable and needs to
bc decomposed directly and continuously. Denitr:tion tower
practice has been found suitable for this purpose -nd c-n be

/safely



sifcly linkcd up with continuous nitrition.

3. DEGN is supcrior to nitroglycerine in s.fety in h7ndling.

4. DEGN )ppc.rs to h-vc no disidv-nt-gcous physiologic I
effccts during the short imnuf-cture to dtc; the long t,-r,,
c.ffcct on hce!th of the workers is yet to bL dcteri:in,d.
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I~ NTIAL
Refcrfnce X.R.510/2.

I. Introduction.

In this section of the report a pilot plant for the manu-
facture of DEGN by the Schmid continuous proccss is described.

The Schmid plnnt has bccn used for muvny years for the
production of nitroglycLrine 7nd consists essentially of a
colandria type nitrator and an inclined box which functions as a
separator. The glycerol and mixed acid are fed continuously
to the nitrctor and the reaction mixture is cooled by passage
through a large number of verticfil tubes encased in a brine drum.
The emulsion formed cverflows into the separator where a constant
level of separation is maintained by continuously tcking off the
product from the top, and spent acid from the bottom of the vessel.
The crude product is deacidified and stabilised in a series of
glass washing columns, which a-lso opcrate continuously.

A continuous process is especially suitable for the manu-
facture of DEGN because of the opportunity it affords of disposing
of the unstable waste acid (see Part II), within a reasonable
period of time. Continuous counter-current washing is advnn-
tagcous for working up tht prewash liquors of recoverable strength.

The nitrator and separator of the DEGN\ Schmid pilot pl-nt
were designed by scaling down the 600 Kgm/hr. nitroglycerine plant
to approximately 1/10th full size, i.e. so :s to pr,)ducc 1('C lb./hr.
of DEGN.

The washing pl-nt w-s m-de from st.:nd-rd pyrcx glass pipe and
fittings. ,

It h-s been shown theft DEGN c7n bc safely :nd conveniently
made continuously by this system. Overall yields of 88c of
theoretical have been obtained on runs of short duration: this
should increase to 901% with longer periods if nitration.

Methods for the continuous recovery of the spent acid and
prcwash liquors produced havc been worked out -nd are discussed
in Part V. of the report.

/II. Description

-- 1-



II. Dcscription of Plnt.

The nitration and v:shing pl:nt io housed in the forim,r W.G.
No.2 lJashing House at I ithaim. The Schmid House is thus -t ,-
lower level than th B3tch Nitrating Hill, being on th. same levcl
as the No.1 lanshing House, which is now used for batch woshing of
DEGN.

The other buildings on the site such as the Solution House,
Charge House, Wash Water Settling House, etc. , serve fcr ba)th the
batch and continuous plants, and aire as described in Part III;
the supplies and services available to the two pl,nts aru, in most
respects, identical. Additional piping was installed bt-twcen the
Charge House and the Schmid House to carry brine and mixed acid
supplies; and return piping for brine and waste acid was also laid.

In the case of the N.G. Schmid plants, glycerol and mixed acid,
for nitration arc delivered to the Nitrating House from pressurised
vessels in the Charge House, but owing to the distance between the
two houses a different arrangLment was made for the DEGN plant.
The acid runs from the Charge House by gravity flow to the nitrator,
and the DEG is dclivLred from prussurisLd vessels situated inside
the Nitrating House.

DEGN from the Schmid House is transported to th % Washing House
as an emulsion which is first clcv:ated into a high lcv,l pipe and
then discharged froi this into the origin7l gutter connecting the
Batch Nitra ting Hill vith the Washing House.

Drawings of -ll th- items of plant re not vail ble, but
three drawings - ru reproduced which show the det-ils of the nitrator
and separator. In addition, six photographs shoving severl
sections of the pl.nt as installed, and a flow sheet and a'flow
diagram of the process, are reproduced.

Su-ply and Hrna c7 ir of Raw MEterials.

DLU": (Specification see Part II). This is supplied in 40 gal.
drums and is blown through a 1" m.s. line into either of the DEG
service tanks by opening the appropriate cock.

Mixed Acid: This is mixed from 98-99,, Nitric Acid and 2C% Oleum,
at the Acid House and stored in a 1,000 gal. stainless steel tank.
It is pumped to the Charge House above the Batch Nitrating Hill
where it is received in a 180 gal. m.s. tank. From this it is
filtered by pumping through a stainless steel mcta filter, into
either of two 50 gal. s.s. service tanks. The outlets from these
tanks are connected by a s.s. line direct to the rotameter in the
Schmid House in the feed to the nitrator.

Displacement Acid: This acid, which is used at the beginning
and the end of each run, is mixed at the Acid House from recovered
nitric acid and sulphuric acids, in a small mixing plant, and
sufficient for each run is trucked to the Egg House below the
Nitrating Hill. Here it is blown from a 30 g7l. s.s. egg, through
a s.s. line, to the Displacmicnt Acid Tank at the Schmid House.

Process Water; River water is pu,ped to a water towr and
piped by gravity to the Scimoid House where it is filtered through
n leaf filter bufore use.

/S od a
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Soda Solution 2nd Softened WaVter; are prep-red at the
Solution House, clevatcd by compressed air eggs to the Charge
House, and stored in govvanised t' nks. Supplies arc piped to
the Schmid House by gravity flow.

Other Services:

Warm Wter Supipi: This is used at the Schmid House to control
the temperature of the DEG supply. It is obtained by passing
steam into cold river water, in a jacketed 145 grl. steel tank,
on the mound outside the house. The supply is drawn off from
the top of the tank which is kept full by 'a ball valve on the cold
water inlet; thc teilipuraturc is m-int ind -t 300C. by - thermo-
stat valve on thL steam line.

Coi ressed air: This is delivered to the Schmid House -t80 lb. sq. in.

The' ooling brine used for nitr-tion is 30-35J C Icium Nitrate
contiining 7r, Sodium Nitr tc 6 which is circul -tLd to the Schmid
House at a temperature of' -10 C., from the high lvcl store tank
(2,560 gals) above the Batch Nitrating Hill. It is returned to

an ammonia refrigerator a nd pumped from th re b-,ck to the high
level tank.

The Charge House is a two-roomed building -nd was described in
part III; it acconimodatcs on one side the high level a cid storage
and supply tanks, aInd on the other the wash solution supply tanks.

Schmid Nitrating House.

This is a circular wooden building, 20 ft. diamcter, traversed
and mounded over on all sides to a height of 20-30 ft. with a
tunnel entrnnce. A platform on one side of the house, originally
supported three N.G. Washing tanks, which hcve now been removed.
Steel joist pillars, tied together by cross-members which pass
through the wall of the building into the concrete traverse, were
erected across the building in front of the washing platform, and
support the principle items of the Schmid plant. A wooden platform
on two levels, is built out from the front of the steelwork and
provides working space from which the nitrator and separator are
controlled. Access to this platform from floor level is by a
stairway on the same side of the house as the tunnel entrancc; an
escape door at the far end of the plotform lcads to the top of the
mound. The floor and platforms are covered with shct led. The
building has a number of small windows around the wall just below
the eaves, and is also illur,min-tcd by electric bulbs in flame-
proof fittings.

The nitrator and stirrer motor arc mounted together on a back-
plate which is bolted in an upright position to the steel joists
about hrlfway -cross the house. The separator is supported at a
a lower level to one side of the nitrrtor, on a stcel box frame-
work, built out from the main girders.

The main nitration pla tform level is 7'6"', the smaller plat-
form under the separator being 6'011 -bovc floor level.
On the far side of the nitrator is the motor control gcar,
air valve, and a control panel. Under the nitr:tor platform arc
the DEG service tanks and the drowning tank. Two light steel
frames which stand on the flor, pn the entra,nce side of the house,
support the preWash and final washing columns, their heights being

/such
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such that DEGN flows frof the sc;arator to the prewash unit,
and thence to the final wash unit by ravity.

On the original w,ashir -platfor, A-hich is also reached by
a wooden stairway, aie t,o all hand washin , tanks; a filter
for process water stands on the floor underneath the platform.
Two lead labyrinths, one on floor level and the other at the
side of the washing platform, complete the main plant items in
the house. ash waters containing5 D,-3 are passed to the Wash
Water Settling House, ao-,w,n a lead gutter, and uncontaminated
waste water is taken away t a coverea channel in the floor.

On the roof, outside the house, is a Displacement Acid Tank
and in the travLrse are air lifts for waste acid -nd prewash
liquor.

Control cf Supplies.

DE Th,- high pressure air supply is reduced to 27 lb./
sq.in. by -n Arca reducing valve and regulator, occessable from
the nitration platform, and the controlled low pressure applied
to the DE' supply tinks, which are duplicated so th-t one c-n be
recharged while thE other is on feed. The air to each ta,nk is
controlled by a globe va,lve on the control panel, and the pressure
on each tank, as well as at the Arc, is shown by g,auges In the
panel. The tanks are connected in parallol and hnve identical
fittings, viz: inlet controlled by brass pluj cock, dip-pipe outlet,
,ir connection, drain cock, thrmemetcr socket, safety valve,
pressure tapping and air rul-ase cock. No liquid level indicators
are fitted but th( DEG used is metered and the tanks c-n be dipped
when not on service. The capacity of the tanks is 40 gals. and
100 gals.

To -hangu from one to teI other during 7 run, while th first
tank is still delivering DEG, th. second t n]k is put under pressare
and the outlet cock opened, and then tht first t !nk can be- shut
off, the pressure released, and the t-nk rLfilled. Th( outlet
lines from the tanks -re fitted with strainers to pruvrit solid
particles from reaching the rot-mcter -nd injector.

It was found necessary to regulate the tcmpcr,-tur"' f-irly
closely in order to meter the DEG with sufficient -ccuracy by rota-
mctcr. The tanks rarc fitted with coils for circul ting wAter to
rcgulAtc the DEG tLmperature, but this system was discontinued.
The DEG is now passed through a tempering coil in the delivery line
from the tanks to tht rot!iiter; the coil is iimiirsed in -, smrll
tank through which warm vitcr is kept flowing, -t ra,te controlled
from a- va,lvc on the control panel. In passing through the coil
the DE: attains a steady temperature.

The rotameter is a free flot type, range 0.01 - C.20 gals./
minute DEG with m.s. fittings, and is controlled by a needle valve.
A mercury-in-glass thermometer, by which the DEG temperature is
observed, is inserted in a pocket on the line between the rota-
meter and the injector. Immediately before the injector is n
branch pipe normally closed by - cock; this is used to return
the DEG to the tank not on feed at the beginning of a run6 until
the DEG hs rached the cper2ing temperature which is 200C. +

0.10C.

The injector is attached by a brackct to the nitrator stirrer
casing, in an off-central position above the centre tube of the
nitrator; it is -,n criginal glycerine injector from the N.G.

/Schmid
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Schmid plant. It has a spring loaded plunger operated by a
projecting lever, by which the DES can be quickly shut off by
hand; the sleeve which on the original plant auto"atically
locked the injector shut under cervain abnorh:al conditions of the
plant, has been removed, and the jet has been re uced in size
to 1/16".

Mixed Acid enters the nitrator at the bottom of the drowning tube
from a rotamet6r of the freu-float type.

The bottom of the rotamctur is connected directly to the

mixed acid line fr4a the Charge House.

The temperature of the mixed acid is not controlled.

Displacement Acid may also be fed to the bottom of the nitrator
through the same rotamctor, by gravity from the D/A tank, which
is mounted on the outside roof of the house. This is a 35 gal.
stainless steel horizontal tank, its fittings comprising a flanged
inlet at the top, outlet at one end, a thermometer socket, air
spray coil, water cooling coil, and gouge glass with drain cocks.

Both acid supplies are controlled by s.s. plug cocks operated
from the nitrator platform; one of the main valves is first
opened fully and the flow is then regulated by a s.s. plug cock
under the rotameter.

Cooling brine to the nitrator is controlled by gate vnlves on
both inlet and outlet. The inlet and outlet temperatures Prc
shown by Negretti & Zambra mercury-in-steel dial thermometers on
the control panel.

Nitrator.

The nitrator consists essentially of n s.s. cPl ndria, ,'
int. diam. x 1'111" outside tube plotes, with a control tube 4
dia . and 30 tubes each 13/16" int. dia., 1" oxt.di-m. x MY"
long, arranged in two concentric circles of twelve and eighteen.

The central tubu is welded into the hcdcr plvtes; the tubes
which are cold drawn s.s. carefully inncilcd and polished intern-
ally, arc swelled to 1.1/32" outside di,metcr for 1.1/2" at each
end, and expanded into the header pl7tes. The lips at the top
and bottom of the centrnl tube ire rounded off to assist circu-
lation.

The drum has a brine inlet on one side near the bottom, and
outlet on the oppositc side near the top. A brine drain cock
is provided at the bottom, and an air rcleasc cock ot the top of
the drum.

Baffles of 1/8" m.s. cut nway on one side, with 1.1/16" diam.
holes for the tubes to pass through are spcced at intervals with-
in the drum: these arc placed with the cut-awny edges alternately
opposite the brine inlet and outlet, to ensure thorough circu-
lation of the brine.

At the lower end of the c7londria is a dished bottom, bolted
on and sealed by,a lead ring. A raised serrated ridge on the
upper surface clamps down on to the lead (chemically pure lead),
which is melted into a groove on the lower surface.

/The

-5-



:-he bo)tt- u, h-,- a f'l c outle-t to ,-,hich th,. droa,-,ning
tube- is -,tt ch -d. Th-is i s 2' 9 " -~~ 'nd cxt -n(Js claw-nvord s
t h r Duah th i- n it r -tin 1 -t f nm to- r c h thec d r,)ni ng t -nk.

The, dr-,,nir. 1r is: hing-d 91-te, att---he-d to ' f1, ngo
- t th,( 1,-),;jr end 4f th,- d.-oan-ing pipe-. The, se.al is mo with

l&d n hr ad th , Pl o is he-ld in pl'-cl by - quick-re-lonsc
le-vaIr. \'Iht-n o)pe-r-te-d. this rl S the fir-p o-nd a-lso forccs
it cff thc el thus am-.urin,a th,A it op(-ns. Therc ore two

£1'gdside (- nnuect ions -.t the, t't)af the drow ining tube a bove
the fPlap, one. fo-r e-ntry ..) iiixed -acid tnd the oDther, no)rmally
cl,).-e(d by rq plug a oh, 7r runn-ino-) ,ut the- c,ritrrts Df the nitro,tor

The upper end of the c,landria is fitted with a s.s. section
similarly bolted on and saled, and ccvered by a toughened plate
glass windc%,, in tw,,o sectiuns, through holes in which pass the
stirrer, a merc'ury in gL7a3s thermometer, and the DEG,3 feod.

T hc- D E: TN and a-id e-mulsion overflow by a tube in the side of
the top section into a tundish attached to it; a fume( outlet is
also fILitte-d to thio, stestion.

The sides of th(, -~landria druii are. lag- ed to a de.pth of
21" with loosoly ruildalumlinium foil, re-taine-d in -plac(e by an
cuter stee (l casing.

Th.- brine- dru-., is te-st-A to 160 lb./sci.in. hydraulic pressure
and to 8C lb./s . in. -,ith- Dir, with soon- suds ,aintcd onIl
joints and expanded e-nds of tubes; its 1..orking- pressure is 35 -,b./
sq. in.

A s.s. stirr,r shef,qt )Sse5 eon the- centre, tube, and carries
a three blded pro 1le, which ope,rat,-s in th(- bottom-i of the,
nitrator, circulating the. m-Iixture, dow,,n the- ce-ntre, tube and up the
outer tube-s. It ori,7inally Jlso had tv-ioc straight blades near the
top of the centre tube, but the-se we,re cut off end in addition ah
inverted -one shaped s.s. p,iece( vwas inserte-d into the- top of the
centre- tulbe, the purpose, of these. modifications being to im,,prove.
the circulation.

The- shaft is driven dire.ct from a 1 H.P. D.C. motor in flamc;
prr-of cDsing. Its spee,d is controlle.d by a starte-r and spEed
regUlatOr, also in a flame-proof ce,on the nLitration platform;
an indicator 1,,mp in the circuit shows when the motor is on.
The, speed variation is from,, 0 to 9CC r.p.m., the stirrer being
no-rmDlly run a t Dbout 5CC r.p.ii.

The nitrator is fitted with tw,o thermome,ters,' a mrcury-in-
glos s type in one. of the outer tubes, ,-nd a Ne-grctti & Zrmbra
me-rcury-in-steel instrui-e(nt, the bulb of' which is locoited in the
bottomc of the, nitra tor. This h. )s trip mecha nism-, incorpor-te-d
in thc, Pece, which is mounted on the, Control p-n(,l, a,nd gives
vl-rning~ of e-xcesc- b, [Teueb li,67hting re'd 1 --i,p. It is set
to opcrl-te a-t 2000, th , nitl, tio-n tem,.per Aure be,ing 1500.

.qLLL,,2t o)r~ The ( a- C is&neda~~vsel sArsn a
s.s. sections b1,:JJtoJi-rt'.Sele ih le-d ina the- -,Inn(.r
de-srribe.d -b2v -.

The 1 s .~s iin,, i' i ilnen res ,a!u! r box. 1 2"i" scu-,r,e
x 2''(l-n s iee d i 1 ad (sO) 't cyj l ) t> t afl nrc be(ingx
h-)riz.nt -1. 1 t a I. -s- f'etwhh is ideL nerto 1



are welded, a 3" diam. manhole in the lover end, and a blan k a
flange or, the oppcsite (long) side;. it has nc corruvated pecking
which is normally fcund in the N.1G. plant. to assist separation,
but a brine cooling coil was fitted into this part of the oeparatur
to control the waste acid temperature if necessary.

The upper section has tnc form jf a rectangular pyramid,
12 " x 1'6" x 1'5" high. Th( acid and DEGN emulsion enters by
two spray pipes which pass through one side just aiocvc the flong_.
Separation is observed through u long slit window of toughened
glass on the front side, illuminat d from a socend circular
window on the oppositu side, through which shin .s , l,aip in cn
enclosed flameproof Litting.

The upper suction is suri-ount,d b-y gla l-nturn bolt.d
on and sealed, into which the sup .r td DUGN ris,s, ov,_rflDv,,inj 7t
the top into - cLntr!l tube. This dolivLrs by w,y of pivotd
channel arm, into one or other of tfi toe camp rtmnts of S.C.
dividing box, so tha t the strTmi of DiOb is directed eith,r to the
wash columns, or into one of th, h ne w:shinL t nks.

The bottom run-off from the -s -tor disch r <s into the
drowning tank nnd is nor'.lly clos_d b:, - dro,ning fl p si 'il r to
that of the nitrator. Se;.arated waste acid ltavcs by one of the
side outlets at the bottom and ovcrflo,'s into the; overflc' bo7l,
which is mounted on the wall behind tht separator. The lvcls
of the waste acid and DLGN overflo,;s s,r ah that the nomnal
level of separation is visible in the wiindow provided; this level
can be controlled by a s.s. plug cock on the waste acid overf'lcw.
The other side outlet at the bottom of the separator is for
emptying the vessel after closing dovn.

The blank flange in the lower section of the separator ,wp.ac-
a, separate drovfning out pipe for thL contents of the upper part
of the separator, which was supplied but is net fitted.

Two thermometers are provided; cne is a mLrcur-in-gloss
thermometer which passes through th(- top of the lantern -nd
records tho temperature of thG separated DLGN; the eth,r is a
NegrLtti and Zambra murcury-in-stcol, which records th(- vv-istc i-id
temperature. Its bulb is in the lovicr part of the scpa,ritor;
the cIsc is mountLd on the control pncl ,nd his l-rm trip -nd
warning light set to opcrate t 00C, th s, ,-,s tlt ritrtcr.

Overflow bowl. WIste acid rises up - Cuntr-l tube .nd ovcrflow;s
into a s.s. bowl covered by a glass inspection do-ic. The acid
flows from a bottom outlet to tae waste acil air lift. A fu ,iC
outlet and an overflow pipe are also rovied. in 1 . naau-
facture the acid is diluted slightly -iith 1,ater at thi,- int, L0
prevent after-searation; the DGLN acid is not diluted, sin'>
this is not desirable, and no after scab,,rction occurs P',.causc the
acid is not stored for any tire.

Prewash Columns. irom thL dividiny box on th e_ae..t.. thn 'id
DEGN runs into a s.s. r<ctcnjul,ir box -!ith , slcpii<g Lo rnc
a bottom outlet. The outlLt is fl7inc-ed to th to: of th- ?irst
wash column. On the side of the bo-: is n over,lo, for !,ash
liquor which disch, rges into a s.s. baffle t, nk nd overflo s r m
there to the air tift for wrew,sh li 1 uors. Therc is iso 0
baffle in the box itsclf, to r(t-in LIC7 , -nd t brine Pooling
coil, to prevent the prewa-sh liquor h.:.ting up. This is su.ported
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.rom a D,,lted-cn li& 7n icA ilso Aws asocn<t for a morcury-
in-ston,l diol thcrKsnAi.t r, andca hinq"d inepuction coo,ning.

Th5 waoshing; ccluLno Lf whica~ thArc orc thr.L 6rL 3
stondorqi Pyrux glass piTa; the firAt nrd third srL. OW" long
arnd vcntr in 5 mush s.s. troys which s.ujyort lDyLrs of 3011"
glass lods; in thcsc columns tho flow is countur-curront,
th _ DJD~N d .scondinj through the wosh nntcr wihivh flows upwards.
Thu middl column which is MY" long hos a o.s. air injoctcr at
the bottom. This lifts DEWN from the bottom of the first
column, ind waosh wotur upwprdc, so tApt the flow hcro is o~c-
current.

Th1 . tsp of thu sccnd nnd third columns nro n'onnctod by
standq~rd Pyrox Tcu piccos; the DEGN fmlls into thu third column
ind the wash liquor is roturnLd by PPVC hose to thu bcso of the
first 7clumn.

The lcwLr und cf thL third oulunm is extended Qy a glass
separating section, the bottom of which is closed by a s.s.
flange with a central 1/4" uutlet. It has a side inlet through
which fresh wash water entors. A separation level is maintained
beow this point, by allowing the soyar atLd DLGN to oerflow
through a fluxitlc tubu attached to the bottom outlct, and raised
to a heig~ht sufficient to balance thu Kcash wator in the aclumn.

Thu overall cffoot cf th, washing unit is countor-surront
flow uf DLJ-N and wash licAor, although thu f10-! in thu individual
cclums is altcrnatuly ccuntor-currcat ana cc-currunt.

Thu wash wa5ter flow is rLyulAWu by a rotamutor, C .02
gals./min. with m.s. fittin7rs, and the air, n hish is supo;liud
from a ruducing gaugo at 20 lbjsc. in. is controllQd by 1scowxc lip.
The air Dnd wocr lincEO aru Vkon up to 7huight nbovu thu top of
thu columns bcforu connucting up, so .s to prevunt the DhWK ond
wash liquor from gutting b-cn into tho supjly lirnes.

final Wnsh Cclumns. Orig innlll the -rrn~ngunont of thu final
washing columns was similar to th t of thu prowi~sh columns,
except thAt thurn wcrc fivc columns instu d of thruc, two co-
current nid thruu vountur-curront. Thu soda solution cntcrcd At
tho bottom of tho, third column, ind the. soft w"tcr it thu bottom
of the fifth column. Thu soft wntur, flowing bqck, diluted the
scda solution which wE sasppliud A n highur stpungth thnn
ru4uirud, to componsAtu for this dilution. Thu solutions were
metorcd by rctnmotors of r-ngo C.UC5 - C.5 gvls./min. The
cffluunt dischqrgod from thu first column through thu s.s. foo
bcx pcsscd through P load !qfflo tank qnd tAencu to thu Vnesh
Watu_r Settli-agHouse.

Tho scpcratud DWN collcctcd A thu bottom of the final
column and wss ru-conulsifiud in r'n injoctor and liftud away ir.
the washing tcnks in thu housc. Thu s.s. injcctor wis scqled
down from thu stnndd-rd N.G3. pattern transport injector; it was
fud with soft wqtur cuntrollud by 7valve cnd prussurG yiugu.

Fume disposal. Fumc from tho finnl Yosh columns is lud by
aluminium piyus flpngod to thu toDs of thu columns to luid
cotchpot ond thenco ov7cuntcd to -tUosDhoru, vi stick pipo,
w ith on air injustor to oruntu tho nioOcss'r v cuum.
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Fume frcm the nitratcr, separatcr diLiutiun box, and pre-
wash columns, is passed through s.s. piping to an earthenvarc
Wolffs brttle, to trap DEGN vapour, aid thence through a stone-
ware absorpticn t.wer outside the mound, to rcmove acid vapours.
Suction is maintained ry an air injcctor on the absorption tower
outlet.

Drowning Tank and Drowning I ch!nism.

The drowning tank, which is I' x 4' x 3' (36C <als.) is of
sheet lead, draped on a steel frame. It stands unaur the
nitrotor platform and is positioned so that both nitr:t,r nd
sepa-rator drowning tutes discharge into it. it is normally
2/3rd full of wter .nd has z n air -it-tion coil, nd overflow
and dr-ining faucets. it is eptied throuah -1 byrinth.

The drowning flaps are connected by rods and cran'-s t , t-,o
independent drowning levers iounted side b side in a bux fra,e
on the nitrator platforim . A third levEr enables bzoth fla)s to,
be pulled simultaneously if required, as in an cei-r:Lncy. The
flaps can also be operated by a wire and pull(,, systci,m from either
of the exit doors. 0pration of the. drol,ning levers si-'.ultaneously
cpens a quick acting valve, which puts air aaita-tion Gn tj thL
tank.

Air Lifts.

The wjste acid and prewash liquor lines c:rc connected to two
air lifts in the traverse of thG house. These are ii-ade of stLin-
less steel and are the usual pattern used for alcid work. The
waste acid is lifted into a s.s. line from which it flows direct
to the donitration feed tanks; the prewash licuor is returned by
a second s.s. line to a.mixing vessel in the Egg House, where it
is fortified with C.O.V. qnd then clcv-ted to the denitr-tior.
feed tanks, this latter operation being an intermittent one.

The air lifts arc operated with low pressure air at 2-5 lbs./
sq. in. regulated from outside the house. The displ ce,iant
acid left in the plant at the end of a run is nlsevacuated by
the waste qcid air lift. For this purpose the side drain
connections at the lowcr end of the nitr-tor a nd scparator drowning
tubes are tce-d into the w'ste -cid line from the overflow bovl.

Storage and Batch Washing House.

This is tht No.1 Vashing ioas described in P-rt III of this
report. The batch washing tannks are used for the storage of
DEGN from the Schnid pl-nt a nc for furcher ,,!shing, if required.
There are two tanks, tch with c p:city of 1,00C lbs. D1iG'.
Smaller quantities of finished DLGN can be stored in the siall
hand washing tanks in the Schmid House, olthough the -ri,;iary
purpose of these is the emer7enc, storage of unw,ashed LG_Y froa
the separator, if the wash colu-ns get out of balance and are
taken off-stream te:,porarily. The coim,bincd c -v:city of these
two tanks, which are of the convention-l lead attri, is 500 ibs.
DEGN, plus wash water.

The washed and st.-bilised DECN is filtered in the usual way
through sponge filters, -casured out in 25 lb. 1ed IT/G type
burette, and stored in 1-c(:ured cns.

/A aid

-9-



Acid Recovery Pl nt.

Th- Lcid r-ccvLry is work -d on continuous b,sis -nd
thtrufore forms in irtLe, ral p rt of t , process. The pli-nt
comprises essentially steam h, td P-uling type denitr-tion
still, 6" dim. x 9' high. It has duplicute leLad f'ud tanks -nd
fLd boxes, a silica condensing coil, stoneware bsorption
toy ers, -d !(.-ed clr for denitrated ,cid.

The w:iste acid from the nitration house collects in one cf
the feed tanks and is passed into the tower without delay through
a siphon weir feed box. Fortified prewrash liquor is fed from the
second feed tank, this being filled intermittently from the mixing
vessel in th( Egg House.

The condensed strong nitric acid is collected direct in
stainless stuel drunas reaidy for transit to the rcid mixing pltat,
or storage. Tht- denitrated sulphuric acid is also collected
direct into drums, these being aluminium, coated intern,1lly with
-n acid proof paint. The wck acid is tr,nsportcd to the
concentration pl nt --nd subsequently re-used -s C.O.V.

SLf_ty Devices.

Manual control is relied on, with the excc-,tion of the auto-
matic warning devices listed under (B).

(A) Devices controlling sup-plies. The DLG su-oly can be
instantly stopped by hand by closing the injector. The i.ixed acid
is controlled by ordinary plug cocks.

(B) Alarms. ',Iarning of excess tciperature in nitrator and
separator is given by red lamps operated by mercury trip switches
incorporated in the Ne-rtti Za-ibra dial thcri.iomtcrs. The
trips have to be reset by hand.

Warning of power failure is given by a lamp on the control
panel. This is in the motor circuit and consequently is only on
while the motor is receiving power.

(C) Drowning. This is effcctcd by hand lvers operated from
the nitrator platform, and also by cord Dnd pulley system from
each of the doors.

/101.
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II1. Notes on Plant Design.

Nitrator: Being a sealed-down version of the standard
600 kgm/hr. Schmid nitrator, it was necessary to compromise with
the significant dimensions in order to secure flow and heat
transfer characteristics as close to the original as possible.
The design adopted was based on a 41' central tube, and riser
tubes of the same- diameter as the original, i.e. 1" nominal tube
(13/16" int. diam.) with 30 riser tubes, this gave 1 cooling
surface of 1.8 sq. ft. for the down tubu, and 10.9 sq. ft. for
the riser tubes, total 10.7 sq. ft. With the stirrer speed
adjusted to give a velocity in the riser tubes of 1 ft./sLc. the
velocity down the central tube is then 1.35 ft./scc. and the
times of contact are respectively 1.75 sccs. up and 1.P9 secs.
down. The ratio on the full scale plint is 2 ft./sLc. in the
down tube, for 1 ft./scc. in thu riser tubes, and in the initial
operation of the D1LGN nitr.tor, the pull into thu ccntr-l tube
was found to be insufficient, :)nd " stagnnt pitch accumulated
at the surface round thL impullor sh-ft. This was cured by
inserting a stainl .ss steel conic,,l ria into the top of the
central tube which reduced the initia,l diameter of the tube from
4" to 3" and also reduced the clerancf from thL cLntr' l tube to
the surfac , the net effect being to reduce the cross sectional
area at this point,,nnd increase the flow velocity.

Separator. This was supplied without the corrugated sheets
normally fitted to the N.G. separators, and these do not seem to
be necessary for DEGN waste acid.

It has not been necessary, with the acids encountered so far,
-to use the brine coil in the separator to prevent a temperature
rise. It could, however, be used to cool the acid below nitrating
temperature, and thus depress the solubility losses of DEGN in
the acid.

Prewash columns. Except for some changes in the type of pack-
ing used in the counter-current columns, and the addition of a
cooling coil in the off-take box for the acid wash liquor, the
prewash columns have operated more or less as designed.

The packing originally used consistud of Stedi,,-n cones of
stainless steel gau7e, the intention being that DL'GIK would wet the
cones in preference to water. However, this did not occur, and

the resistnnce of the conus caused flooding; sinc, thu extr:ction
was in any case efficient -nough, the Stcdm n p cking vw.s
rcpl,lced by a sicvc-pl7t typ, p-,cking, ra-de with 8 mesh s.s.
gau Ze.

When the amount of w.Ater ,di.iittLd to the colullns w-s r,(uccd
so as to produce acid liquors stronger than 30" I-Hq0 3 , it was
found impossible to kc_p the temperaturc of thL final wash liquor
below 400C., and n cooling coil was fitted in the off-t-ke box.
This circulAtes brine, but thu cooling required to hold the
temperature down to 20CC. is not very great and cold water cooling
would be satisfactory.

The design of the stainless steel end pieces nt the bottom
of the first column were modified so as to prevent the accumulation
of stagnant DEGN.

/The

- 11 -



Th j final fL)rtn 0 n u~i at "he lov, er ed of
the last ,,cludnnrJ o -Llc, al (s ciyI-" lbs. D1,Gi10 arid thc
"ucntrol of searatlinr) levcl ic tam - ser-Eitiv - This shoul have
a :aspacity cf arx:> lb. st=,,3ati-d DLIa T.

Final \Y,asb Coluca>n-. Thc cr1 ',-inal unit was' JLsicnecd -,n the
oo.prin2ipl ; as tin -. rel,nash -olui,is, viz: altErniatc co- and

couunter-current iiir,no Lae,caration b(-inr- o1 roviCded b _twee(n the
soda i and finaol w'rca:lunins. Th(- finol s(_L)ratings section was

simlartc tha-t in tb rew_s cc,lui-ins.

in1' th(. pr su,ne_ of ll,hoer,the, DLGN p, rsist,_d ns -In
emnulsiocn f cr lcniirr tha,n in thL> atcd reas column, r)nd p- Irope-r
fl1cIr f suparir:tcd DEGN diown the_ counte_r-curru,nt columns wa-s not
obt die d. A fa,-irly 1:-i r' >( sop iraitor is the-refore, n ce,ssary
be-twee,(n th,_ soda -ind finalI wa-sh units, -nd -,lsu -'ftcr the finalj
waish unit, ,ind th _s( mcdifica-ticnis a-r(- b,_inrfimade As tho P.3,T.
typ, .:o-currl rit :nclurnncII, v _ lrge intermk.dia,-te so,p-)ratcrs aInd
could b(- used without modifi.-tion 2cr DEG-N wa shing, th _ru is no
n,_cfd for xte_nsiv,: investioctioin '1 work, -but it would bL radva-n-
tac%ous to r_duu-. thN hold-up in tho inito_rmGd±,'t( sopaIrators -is
fa)r as_ pcssibl,_ The- 'i,zzi principlc may tu usoful fcr this
purpose .

'Th de-siarim 'd(rttd for the prewa-sh unit is conside.red
sup(,ricr to the- sta-nda rd N.,_'. co-_-urre,nt toers, for dealcidi-
fica-tici, since_ it is ncu ssary to work up thu, stre-ngth of- the
a-cid liquors, --nd this viould regquiro -t le-.st two sta-ndard N.G.
c-curre-nt tc1wiers and intcrmu_dia te se,parators, with b.aIckwa,rd fee(d

of'ws waItor.

/IV.
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IV. Opcration of _P1nt.

Five operatives .r rtq_ircd to wor& th plDnt, onc for
nitration, onL washinq, on to -, int in services, -nd two for
the acid recovery pl !nt. Thr. duties -re cl,-rly defined in
the ".4orking Regul-tions' which (-ch i n is required to lt-2rn.

Prior to nitration, a number of tests ,,re ca rried out by
the nitrator attendant, under supervision. Thcse consist of
insp e cting the umpty nitrator 7nd sep rrtor, testing both drowning
mechanisms, chccking the run-off cocls for smooth working, nnd
testing the brine drum for loCks by expelling the brine and
filling the drum with H.P. air.

Rcgulation and testing of the Arca l.p. air regul-,tor is
done by the scientist-in-charge.

To prepire for nitration, the services -nd supplies qre opened
up according to a definite schedule. The plantis ready for
nitration to cornmncc, when

(a) all services and supplies -rc available.

(b) the nitrator nnd separator have been filled with dis-
placemunt acid and the displci,_ent a cid tank his
been refilled.

(c) the waste acid overflow cock is shut.

(d) the DEG t-nk is on pressure.

(e) the DEG and ,,/A rota meters -nd thL DEG injectors h vC
been tested nd cleared of ir locks.

(f) the DEG hl.s been circul td to bring its ter ture
to 200 C. in the delivery link to the injector.

(g) the brine teMfperanture is -t -60C. or lower.

(h) the wash columns h,vL bcn filld with wsh solutions.

To commcnnce nitration, the stirrer inotor is started and
adjusted to the normal operating speed (indic tcd by ammeter
reading), the brine is cracked opun, -nd the mixed acid flow is
started. When the temperature has fallen to 100C., the DEG
injector is opened. ',hen the DEG and LI/A flows -rc steady, the
temperature is allowed to rise to 150C. and maintained by regu-
lating the brine outlet valve. The DEG temperature is maintained
at 200C. by the warm water control valve.

About 40 mins. after starting nitration, sufficient DEGN
will have collected in the soparctor, nd waste acid is then
allowed to overflow to the air lift, so as to maintain the separ-
ation level constant. At the same time, DEGN begins to over-
flow to the prewash column, and the wnsh water, -ir and brine on
tht prewash unit arc opened up.

The wash liquor from the colLunns flows through the lDbyrinth
tank and is taken aw,-y by air lift. The prewushod DLG\ accumu-
l.tcs in the separating section ftur .bout 1C minutes, nd is
then allowed to overflow to thu fin .1 wash unit, the sup-,li,s to

/h i c h
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whiTh are then also opened up. Vhen the washed DEGN separates
at the end cf this unit, water is turned on to the transport
injector to take it !3vay to storage.

To close down, first the DLG and then the Ti ixed Acid supplies
are shut cff, and the brine closed in. The waste acid overflow
ccck is shut and the stirrer motor is stopped. Displace.ent
acid is admitted to the nitrator thrcu.h the iiixed acid rotaiaetur
at such a rate that the DLTGN is displaced to the wash colu,,ins at
approximatcly the nor-ial rato. ihLn all the DEaN has bc,n dis-
placd from both nitrator and separator, tht displacement acid
supply is shut off and thu acid in both vessels run out through
the bottom run off lin(s to thu air lift. About 1 hour is re-
quired to empty both vLss-ls by the air lift. ThL wash colu,ins
are kept in opcrotion until ll thL DLGN has buen passud through.
The columns arc then emptied from conveniynt low points nd washed
cut to remove traces of DLGN. Thu wsh liquor labyrinth is
emptied and thu air lifts driined. The nitrItor -nd separator arc
washed out with water ind allowved to drain into the drovining tank.

/v.
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V. perating Conditions.

1. Nitration and Separation. It was considered desirable
when the plant was first operated to use a nitrating acid which
gave a waste acid of more than adequate stability. The Woolwich
nitrating acid, viz: 2.57 parts of 72/28 acid was therefore not
used, since the waste acid has a life of only 3-6 hours. The
acid used at Bomlitz, viz: 3.18 pts. of 62/35/3 acid, was used in
the early runs; later the conditions were changed to 2.9C pts.
of 65/35 acid. The r(sulting waste acids were known to have a
life of at least 12-18 hours; actually they were found to remain
stable for about 21 hours. The lowest acid ratio used up to
the present is 2.80 parts of 65/35 acid.

The throughput times in the separator are 3C mins. for the
DEGN and 9C-lCO mins. for the waste acid; very clcar separation
is obtained. Obviously the lowest permissible life for the waste
acid is about 3 hours, without allowing any factor of safety.
It is considered that an acid with ' normal life of 6 hours
probably represents the best compromise between econoay and safety
in working.

The nominal rate of production of 100 lb/hr. of w7shcd
product is attained without difficulty, the fcud r2t(s for this
output being approx: 60 lb/hr. DEG -nd 170-190 lb/hr. mixed ::cid,
depending on the ratio used. The brine temperature rises 50C
(9 0 F) and the overall hcit tr-nsfer coefficient 2ppe2rs to be 50
BTU/sq.ft/OF/hr, the quantity of b2ine used b -ing 200-250 g,ls/hr.
In an experiment to find the maxi.fiuf, throughput obt,-inbli, it
was found that above the fG..d ratcs correspDonding to 125 lb/hr. of
product, the nitr-tion te.iperaturc could not be held Comn,
although the brine was only vwr,ad u-0 G-7°C. The limiting
factors cre therefore the overall h nt tr7nsfLr coefficiLnt, a nd
the cooling surface available.

2. Prewashing. The quantity of w:ter fed to the columns is
calculated to yield a prewash liquor contr,ining 43 - HN0 3 , 6
DEGN (see Section V). Under these conrtitions, the acidity of
the DEGN leaving the columns is found to be C.1 HN03, or less.
The water feed rate for 100 lb/hr. output is 35 lb/hr (0.06 gals/
minute). If the water rate is raised to 0.10-0.11 galls/min.,
corresponding to 30% HN03 in the prewash water, the acidity of
the DEGN is reduced to 0.Ca2 HN0 3 .

3. Alkali Washing. The DEGN produced from the final wash
unit originally did not give a satisfactory Heat -Test, because of
the failure of the DEGN to sepnratc, and the imperfect washing
which resulted. The heat tests obtnined varied from 11 to 5

minutes. The improvement of this plant is still in hand, and
no further results arc so far available. Incompletely stabilized
DEGN is given additional washes in the b:atch storage tanks.

4. Yields: The runs made up to the present have mostly
been of 5 hours duration, and the yields assessed from this period

of operation are necessarily lower th7n c ulculated yields becausc

the DEGN lost in the displacement acid at the end of the run, is

a significant fraction of the total yield. Yields between 87.0j

and 87.4% have been obtained, and if these are corrected for the

displacement acid loss, the gross yield, excluding working losses,

is 89.5 - 89.9%, which agrees well with the calculated yields.

These are set out in the flow sheets attached to this section and

to Section V of the report.

- 15 - S.
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DRAWING No. 3

NITRATOR AND SEPARATOR GENERAL ARRANGEMENT
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FIGM. SCHMID PLANT - PREWASHING COLLUMNS.
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